Grazing intensify of native range had little effect on total root weight, but under heavy grazing the percentage of total roofs in the upper foot was greater than under moderate grazing. Thirty lb of N significantly increased roof weight in the 4-ff profile. Ninety lb of N did not further increase root weight although fop growth was significantly increased.
Highlight
Grazing intensify of native range had little effect on total root weight, but under heavy grazing the percentage of total roofs in the upper foot was greater than under moderate grazing. Thirty lb of N significantly increased roof weight in the 4-ff profile. Ninety lb of N did not further increase root weight although fop growth was significantly increased.
The root system of perennial grasses becomes doubly important when fertilizer or other intensive management practices are used to increase top production. Any reduction in root volume reduces the effective moisture and nutrient reservoir. Efficient soil moisture extraction is vital to optimum production under semiarid conditions. A decrease in root volume or in root: top ratio increases the demands on each unit of root material, and under adverse conditions may jeopardize survival. The effects of grazing intensity and fertility level on root development of native grassland are often referred to, but controlled studies usually involve forage removal by mechanical means. Very few root data are available from grazing intensity studies (Lorenz and Rogler, 1966) . (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) at rates of 0, 30, and 90 lb N/acre to three replications of plots isolated from grazing in each pasture. Rogler and Lorenz (1957) reported an increase in hay yield from application of N to these plots. Study of the effects of N on the vegetation was continued through 1962.
Materials and Methods

Two pastures at the Northern
Another set of plots which received no fertilizer was isolated from grazing in the heavily grazed pasture. A new plot was added to this isolation each year from 1952 through 1962. Forage was harvested from each isolated plot about August 1 of each year.
129
A tractor-mounted hydraulic soil probe was used to obtain cores from which the roots were separated by washing over a No. 18 soil sieve (16-mesh equivalent) as described by Lorenz and Rogler (1964 
Resulfs and Discussion
F values obtained by analysis of the root-weight data from the fertilized plots are shown in Table 2 . Differences between Nlevel means were highly significant, but N x Years, N x Pastures and their second order interaction were not significant, indicating similar N response each year in each pasture. The N-level means, averaged for years and pastures, are included in Table  3 . Although total root weight was significantly increased when 30-N was applied, no further in-GRAZING AND FERTILIZATION crease resulted from the second increment of N. In comparison, forage production was doubled by 30-N and tripled by 90-N (Rogler and Lorenz, 1957). Similarly, Hylton et al. (1965) found that Italian ryegrass (Lolium multiflorum Lam.) produced the most roots when low rates of N were applied, and with increasing N, root weight decreased even though top weight was still increasing.
Lack of significant difference between mean root weights from plots in the two pastures (Table  3) suggests that any effect of grazing intensity on root development was eliminated by the treatments imposed after isolation from grazing. Comparison of root-weight data from grazed areas in each pasture with data from non-fertilized plots mowed annually (Table 4) verifies the small difference in root weight between the two pastures. However, comparison of percentages of roots at each depth shows that the moderately grazed pasture had a greater percentage of its roots at each depth below 6 inches than did the heavily grazed pasture. This was true for the area isolated from grazing as well as for the continuously grazed area. Thus the effects of previous grazing intensity were still evident when depth of rooting was considered. Distribution in the profile as well as total root weight is important in evaluating the effects of treatments on the root system. Difference between the mean root weights at various depths sampled and the N x Depth interaction was highly significant. However, the percentage of the total root weight at each depth often changed very little, even though N increased total root weight. Within each year, the root distribution by depths was more consistent for the plots in the moderately grazed pasture than for those in the heavily grazed pasture. The percentage of the root weight below the first foot increased with increasing Nlevel for the plots in the heavily grazed pasture, but it changed very little or decreased for the plots in the moderately grazed pasture.
The average root weight in the 4-foot profile was 16.99 and 13.92 g dry matter per sample for 1961 and 1962, respectively.
The difference between these means was highly significant.
The total root weight and the weight at each depth were greatest in 1961, the drier of the 2 years. However, a higher percentage of the roots was found in the upper foot, with a lower percentage at each of the lower depths in 1962. The difference in root weight between years (Table 5) , and the increase in percentage roots below 1 ft from use of N, were greater for the plots in the heavily grazed pasture than for those in the moderately grazed. During the relatively dry season of 1961, root development below 1 ft was increased in the heavily grazed pasture, especially when N was applied.
Perhaps these extra roots exhausted the subsoil moisture during 1961 and died prior to the 1962 sampling. During the moist season of 1962, root concentration increased in the upper foot. This was evident for the plots in the moderately grazed pasture and for the O-N plots in the heavily grazed pasture. However, the percentage of roots in the second foot increased for the N plots in the heavily grazed pasture.
The plots isolated from grazing for various lengths of time in the heavily grazed pasture were not replicated, and although root data were consistent with the variation that was due to year of sampling, no pattern of response to length of isolation was established (Table 6) . Following a slight increase during the first 2 or three years, root weight tended to decrease with time in isolation. Distribution by depth did not vary much within each sampling year and was similar to the averages for the fertilized plots and grazed areas of the heavily grazed pasture. Years and N appeared to have had greater influence on root development and distribution than did isolation from grazing.
There is no way of knowing root weight and distribution prior to application of N, because the pastures
were not sampled at that time. If we assume that the relative root development in the grazed areas was the same In both May and October, the heavily grazed pasture had an average of 4.05 inches more water in the 6-ft profile than did the moderately grazed pasture. Of this additional water, less than 0.40 inch was in the upper 2 ft and over 3.65 inches were in the rest of the 6-ft profile. Soil moisture used from the upper 2 ft was very similar for the two pastures; but much less of the subsoil moisture was used in the heavily grazed pasture. This suggests a more active root system at greater depths under moderate grazing, a possibility which would agree with the actual percentage root distribution found when these pastures were sampled.
Soil moisture samples were not taken in the fertilized plots during the first 3 years after fertilizer application began. However, soil moisture was measured in the grazed area and in the fertilized plots of the heavily grazed pasture from 1954 through 1958. Average water content of the 6-ft profile in October was 16.04, 11.58 and 10.33 inches for the grazed area, the 30-N and 90-N plots, respectively. Again differences in the upper 2 ft were small, ranging from 3.78 for the grazed area to 3.06 for the 90-N plot. Averages for the lower 4 ft sampled were 12.26, 8.11 and 7.27 for the grazed, 30-N and 90-N treatments, respectively.
Evidently N stimulated root development and extraction of soil moisture from the subsoil. May and October soil moisture was almost identical in the lower 4 ft, but in May the 131 upper 2 ft contained more water than in October. Winter precipitation generally brings the soil moisture of the upper 2 ft to about the same level for all treatments. Cool-season grasses start to use moisture very early in the spring; thus the N plots, which are dominated by western wheatgrass, had extracted from 0.5 to 1 inch of water from the upper 2 ft before the May sampling. Apparently, if subsoil moisture has accumulated, N will stimulate root development in the moist soil. The stored subsoil moisture under heavily grazed range may account for the burst of production reported during the early years of fertilization of this study (Rogler and Lorenz, 1957) . After extraction of subsoil moisture from the N plots, the vegetation used seasonal precipitation as it accumulated which prevented recharging of the subsoil. Consequently, root growth below the 2-ft depth was limited by lack of subsoil moisture in the N plots.
The nutrient removal pattern also suggests that N increased the root activity substantially at the greater depths at some time prior to sampling. Smika et al. (1961) reported a significant increase in total soil N for the 0-to 6 and 6-to 12-inch depths, as N rates increased on the plots in the heavily grazed pasture. However, when N was applied total soil N decreased in the third foot and remained the same at greater depths. As N rates increased, available P decreased at all except the top foot of the 6-ft profile.
Summary and Conclusions
In 1961-62 we compared roots developed under heavily and also moderately grazed pastures which had been grazed for 40 years. Root weight in the 4-ft profile was about the same for both pastures. This was true for the continuously grazed areas as well as for plots isolated from 132 GRAZING AND FERTILIZATION Table 5 . Ovendry roof weight in the 4-foot profile and the percent of the iota1 weight found af each depfh from fertilized plots in the heavily grazed and moderately grazed pastures. Differences between years of sampling were significant (5% level). The total root weight was greatest in the drier of the 2 years. We found a higher percentage of the roots in the upper foot in the wetter year.
